SOME years ago Rimington & Kay [1926] gave the name 'phosphopeptone' to a substance present in tryptic digests of caseinogen and later isolated [Rimington, 1927, 1] by a process involving separation of inert material and then precipitation of the phosphorus-rich complex as an insoluble nranyl derivative and lastly as a copper salt.
SOME years ago Rimington & Kay [1926] gave the name 'phosphopeptone' to a substance present in tryptic digests of caseinogen and later isolated [Rimington, 1927, 1] by a process involving separation of inert material and then precipitation of the phosphorus-rich complex as an insoluble nranyl derivative and lastly as a copper salt.
The N/P ratio of the crude copper salt was approximately 3-3/1, but by fractional copper precipitation a main homogeneous constituent with N/P = 3-0 was obtained and used for detailed study of amino-acid composition, etc.' The fractions with higher and lower N/P ratios were not analysed in this way, but it was realized that peptones of varying composition might easily be obtained as a result of more or less prolonged tryptic digestion before isolation was commenced. The main phosphopeptone was not completely stable towards activated pancreatic juice [Rimington & Kay, 1926] .
Examination, of phosphopeptone by the methods then available for the identification of amino-acids [Rimington, 1927, 2] revealed the presence of serine and a dicarboxylic acid considered to be hydroxyglutamic acid and also an incompletely identified substance thought, possibly, to be fl-hydroxy-ocamino-butyric acid.
Since thesd' early studies, investigations have been published by several workers. Schmidt [1934] , after prolonged tryptic digestion of cas-einogen, isolated a substance with N/P= 2, composed of glutamic acid and serine; fractions with-higher N/P ratios were also encountered, when the digestion was less complete, in which a leucine was also present. Levene & HIill [1933] , combining a preliminary tryptic digestion of caseinogen with subsequent hydrolysis by boiling acid, succeeded in isolating from the mixture a dipeptide of glutamic acid, serine and phosphoric acid, whilst LipmaAin [1933] by boiling acid alone obtained from his hydrolysates. serine phosphoric acid; peptides of higher N/P ratio were also present in the mixtures. More recently Damodaran & Ramachandran [1940] , in a preliminary communication, claimed to have isolated a phosphoruscontaining peptone from caseinogen by applying pepsin, separating the paranuclein formed and then digesting with trypsin. It had N/P = 3.3 and is reported to contain 3 mol. glutamic acid, 3 mol. isoleucine and 4 mol. serine.
Although it is only to be expected that the use ofdifferent chemical or enzymic hydrolyses (and for different lengths of time) should lead to phosphorus-containing materials of different constitution, it was thought desirable to re-examine the original 'phosphopeptone' preparations, now that more reliable methods are available for the detection and determination of amino-acids like threonine. The isolation of serine phosphoric acid after acid hydrolysis of caseinogen by Levene & Hill [1933] . supports my conclusion that a part, at least, of the phosphorus in phosphopeptone is united -to seine, but from the colorimetric determinations presented by Rapoport [1937] Past attempts to isolate glutamic acid as the hydrochloride directly from phosphopeptone hydrolysates had not succeeded and the separation has now only been achieved with difficulty and in poor yield. It would appear t4at the other products of hydrolysis, such as serine and phosphoric acid, exert an inhibiting effect upon the crystallization of the hydrochloride. 5 g. of NLO peptone were refluxed with 50 ml. of 20 % HCI for 30 hr. and the mixture then saturated with HCl gas. In spite of seeding, not more than a trace of material separated after 24 hr. at 00. The liquid was therefore concentrated to small volume and again saturated with HCR, when 1-4 g. of crystals separated in the course of several days. Repeated concentration and saturation raised the yield to 1*48 g., which represents only between 2 and 3 mol. per mol. of peptone.
It must be concluded from the above findings that glutamic acid and not hydroxyglutamic acid is present in phosphopeptone.
Isolation and identification of isoleucine from Nl peptone The ifitrate from the calcium salts of a hydrolysate corresponding to -1i6 g. [1937] colorimetric method. The amount present corresponded to only 5-6 %°of the total N, in contrast to the figure of 13-6 % of hydroxyamino-acid by periodate oxidation recorded above. This finding is similar to Rapoport's own results with casein hydrolysates, from which he concluded that at least one-third of the total phosphorus of the protein was bound to hydroxyamino-acids other than serine., In view of the known instability of serine under the coDiditions of hydrolysis it is doubtful, however, if much emphasis should be laid upon such negative data. It is possible that a portion of the serine originally present has been so changed that it is no longer capable of yielding glyceric acid.
In fact, Damodaran & Rapmachandran [1940] report that they found both lactic and pyruvic acids, presumably derived from serine, in their phosphopeptone hydrolysates.
Nature of the phophoruB linkage in phosphopeptone
The suggestion was made by Rimington [1927, 2] that two of the three phosphoric acid residues of phosphopeptone were held in mono-ester linkage whilst .324 the third was in the ftrm of a di-ester. This suggestion was based upon the observed difference in action of bone aiid kidney phosphatases upon phosphopeptone, the former liberating only two-thirds of the phosphorus as free phosphoric acid, the latter producing complete hydrolysis. Since phosphoserine is relatively resistant to hydrolysis by boiling dilute alkali, whereas the phosphorus is rapidly split off as phosphoric acid from caseinogen by 1 % NaOH at 370, another explanation appears possible. The action of alkali upon phosphopeptone was therefore studied again in detail.
It was found that only about two-thirds of the total phosphorus was removed as phosphoric acid by 1 % NaOH at 370 and the time curve of the hydrolysis bore a strong resemblance to that recording the action of -bone phosphatase upon phosphopeptone. Once more the glutamic acid determination fell short of the required figure, but the difference in elementary composition between the N1o and Ng peptones corresponds to exactly 1 mol. of isoleucine, and it will be reme'mbered that this amino-acid was not detected in the course of the original study made of the Ng phosphopeptone [Rimington, 1927, 2] . Whilst, then, some reserve must still be exercised, it is felt that the compositions suggested above do probably represent t1he true nature of the two peptones which have been here subjected to study. Naturally, other conditions of preparation of the caseinogen hydrolysate, e.g. prolonged tryptic'digestion, might lead to peptones with a different composition, as the work of Levene & Hill and others clearly indicates; most drastic hydrolysis leads to the comparatively stable phosphoserine.
Damodaran & Ramachandran [1940] considered the phosphopeptone which they prepared to be composed of 3 mol. of glutamic acid, 3 mol. of isoleucine, 4 mol. of serine and 3 mol. of phosphoric acid. [1926] ), but that they themselves being more resistant towards enzymic hydrolysis are only.slowly degraded into peptones or peptides of ever decreasing complexity. A phosphopeptone unit containing 10 amino-acids and 3 mol. of phosphoric acid is comparatively readily isolated.
This reinvestigation of phosphopeptone is a result of communications made to the Biochemical Society (Chem. and Ind. 59, 185, 1940 ) by Prof. R. H. A. Plimmer on 'Phosphoryl hydroxyamino-acids' and by Dr J. Lowndes on 'The composition of phosphopeptone'. I have enjoyed the benefit of frequent discussion with the authors and this paper is published with their approval. I desire to thank Prof. Plimmer for a specimen of dl-threonine and Prof. Robison for a specimen of the Ba salt of 3-phosphoglyceric acid.
